Rangeland plant community and species composition are known to be related to specific soil properties. The current study investigated the ecological influence (soil characteristics) on the selection and distribution of ecological-related genotypes of dominant xerophyte species in WadiSudr of Egypt. AFLP analysis reflected the genetic profile of the samples species from two altitudinal ranges (up and midstream) and was compared statistically with the differences of their inhabiting soil characteristics on two depth levels ( 
Introduction
In arid environments, soils are formed over time as climate and vegetation act on parent rock material. Relative-
Material and Methods

Study Area
Wadi Sudr is located in the southern section of the western coast of Sinai, and lies between latitudes 29˚36'32''N -29˚57'43''N, and longitudes 32˚41'28"E -32˚17'27"E. It is bounded by Gebel El-Raha (c. 600 m) in the north and Sinn Bishr (c. 618 m) in the south (Figure 1) . Wadi Sudr originates in the hill slope of El-Tih plateau. The main trunk of W. Sudr extends roughly in a NE-SW direction for about 55 km and flows into the Suez Gulf at RasSudr (c. 55 km south of El-Shatt) [4] . Sinai Peninsula desert belongs to the Arabian desert characterized by: 1) Arid to extremely arid climate with Mediterranean influence, 2) Precipitation mostly in winter ranges 250 mm at the northern boundary (Negev Desert) to 10 -20 mm in the south of Sinai, and 3) Mean temperature of 10˚C -20˚C in the coldest months and 20˚C -30˚C in the warmest months [22] [23] . Moisture in the form of rainfall is the most decisive factor controlling productivity, plant distribution and life forms in arid region area [24] . The amount of annual rainfall of W. Sudr was (18.7 mm), while the highest temperature was recorded in July 35.5˚C and the lowest temperature recorded in March 8.3˚C [25] [26].
Soil Sampling and Analysis
Soil samples were collected at the surface (0 -20 cm) and subsurface (20 -40 cm) depths from sites were plant materials were collected in W. Sudr. Physical and chemical parameters of soil samples were analyzed. Soil particle size (%) was determined by the dry sieving to separate soil fractions according to Wentworth scale (American System) [27] [28] . Soil reaction (pH) was determined in the soil solution 1:1 by using a portable pH-meter (Model Ion lab pH level 1) calibrated by buffer solution; pH 4, 7 and 10 [29] . Electrical conductivity (EC) of the soil extract (5:1) were determined and expressed as dS/m 29 2+ , Na + and K + ) of the soil extracts were analyzed following the method previously described [27] [29] and their values expressed as meq/L soil. Calcium carbonates content was determined volumetrically using Collin's Calcimeter [30] . All chemical and physical properties of all samples were transformed using z-score method analyzed using principle component analysis (PCA). Groups & clusters defined for each layer based on PCA were used to construct Euclidean matrices for each group using PCO3 [31].
Plant Sampling
Three selected common xerophytic plant species were collected from both upstream and midstream ranges of W. Sudr, where they represent the dominant or the co-dominant species in both ranges. Those 
Molecular Analysis Using Fluorescently Labeled AFLP
DNA Extraction
The DNA extractions were carried out from plant leaves of 3 species (2 samples each) using Wizard ® Genomic DNA Purification Kit (PROMEGA, USA) by following the manufacturer's manual. DNA quality was then tested using agrose gel electrophoresis (1%) contain 1 µl of EthBr (100 mg/ml), and electrophoresed for 1 h (4 V/cm).
F-AFLP-PCR
The original protocol was followed [32] , while fluorescent primers were used. Six different selective PCR combinations (3: Eco-AGG/ACA/ATA × 2: Mse-CTC/CTA primers) were amplified using the original PCR program. Private services were contracted to visualize the amplified products using ABI3730 DNA analyzer (Applied Biosystems, USA) with a size standard GS500-LIZ (Macrogen, genescan service, Korea).
Band Scoring and Analysis
Automated AFLP scoring was performed using both programs Peakscanner™ (Applied Biosystems, USA) and Rawgeno V2 for peak calling and automated scoring, according to the software's manuals. The analysis of the AFLP data was based on the band-binary criterion (i.e. codifying the detected bands to, 1 when presence and 0 when absent) and processed according to [33] . Bands were refined in order to eliminate any bands scored due to, a) being of the same species regardless the altitude (i.e. bands that were monomorphic within one of the studied species), b) unique to a certain species regardless the other species sharing the same altitude (i.e. polymorphic or monomorphic in one of the four studied species). Remained bands were all polymorphic within each of the studied species. Unrefined and refined data were used to generate genetic distance matrices for uplands and midlands separately and both together.
Correlation Tests
The effect of the altitude and soil layer on the distribution of the studied plant species was tested using Mantel test (to measure the association between two matrices) implemented in GenAlEx V6 [34] . The genetic distance matrices of AFLP refined and AFLP unrefined data sets were tested against the Euclidean distance of the defined groups of physical and chemical properties of the soil. The significance of the correlation value was tested with 999,999 permutations.
Results
Soil Analysis
Most of the soil surrounding the studied plants in W. Sudr was mainly formed of fine sand and ranged from 10.92% to 55.82% (Table 1) . Calcium carbonate CaCO 3 % in the soil profiles of W. Sudr ranged between ) around Reaumuria hirtella that scored the lowest pH value (6.63) ( Table 1) . Reaumuria plants were widely used for the restoration of degraded ecosystems that is rainfall-dependent due to their extreme tolerance to alkaline and saline conditions [35] [36] .
In the present investigation, the soil chemical properties and very fine soil texture are the most important factors affecting in distribution and vegetation cover of halophytes in the midstream, while the larger soil particles and CaCO 3 were the most effective factors on the distribution of xerophytes in the up and midstream of W. Sudr.
Statistical Clustering
By applying t-test between layers for each of the estimated parameter in each altitudinal area (upstream & midstream), no significant differences between the 20 cm and 40 cm depth were found (values are not shown). (Figure 2) . The physical and chemical properties of the sampled soil were statistically deviated and grouped in 4 sets and 2 singletons, in which data treatment should address each set and/or singleton separately to avoid any misleading correlation values. While no significant differences between both depths were proved by t-test, the four grouped sets and the two singletons consistently appeared the same between both depths. Based on that fact, the Euclidean matrices based on physical and chemical properties of soil samples were estimated for each set separately considering the altitudinal area (upstream & midstream).
Genetic Analysis
Three selective fluorescently labeled primers (Mse CTC-Eco AGG, Mse CTC-Eco ACA and Mse CTC-Eco ATA) successfully amplified 367 bands (112, 148 and 107, respectively; binary data not shown). Band scoring was successful at fluorescence rate unit of 100 rfu with an average bin size 0.33. Technical homoplasy confirmed the presence of one peak per bin. Average peak rate ranged from 106 -148 peak/sample, while its molecular size ranged from 50 -424 bp. After refining only six loci out of the 367 were retained ( Table 2 ). The successful amplification of 367 AFLP loci revealed the genetic diversity among the sampled species on both altitudinal areas. Refining the data minimized the band number to 6 bands, by removing bands that would be ampli- Table 2 . Band binary score of six refined loci resulted from F-AFLP of six samples represent three species sampled from upstream and midstream area in W. Sudr. fied due to the natural genetic relatedness of the genomes within the same species and the genetic differentiation of the genomes among the three studied species. The 6 loci should reflect the variation continuum among the species and within each species. In Funaria hygrometrica 13 out of 1864 AFLP loci were detected to be under selection using computer software among samples from Sierra Nevada Mountains of Spain, the 13 loci proved to be correlated to the maximum temperatures of each sampled location [16] . However, in the current study the refining was performed and revised manually for each locus.
Correlation Analysis
Refined data is expected to be the candidate loci in which the environmental selection force is applied. To test such hypothesis, correlation tests showed different significant and insignificant correlations between the altitudinal group, physical & chemical properties and the genetic distance based on unrefined and refined data. Euclidean matrices based on the physical and chemical soil properties were estimated for both layers ( Table 3) . Genetic distance matrix based on Jaccard's dissimilarity coefficient was constructed for both unrefined and refined AFLP detected loci ( Table 4) . In Table 5 , Correlation analysis was found to be most significant negative correlation between midlands-Set3 at 40 cm and the unrefined AFLP loci dataset (r-value = -0.978, p-value =< 0.0001), while regardless the altitudinal areas, unrefined AFLP loci dataset was significantly positive-correlated with Set1 at 20 cm (r-value = 0.714, p-value = 0.003), and with Set1 (r-value = 0.585, p-value = 0.028), Set3 (r-value = 0.778, p-value = 0.003) and Set4 (r-value = 0.656, p-value = 0.011) at 40 cm. Refined AFLP loci dataset was significantly negativecorrelated with Set1 (r-value = −0.82, p-value < 0.0001), and Set3 (r-value = −0.935, p-value < 0.0001) at 20 cm, and with Set1 at 40 cm (r-value = −0.962, p-value < 0.0001).
Without refining (regardless the species type effect), the correlation values were insignificant to all uplands sets, while only negatively correlated to Set3 at 40 cm depth with high significance (p-value < 0.0001). However, correlation values ranged from 0.585 -0.778 when treating the physical and chemical properties of soil samples regardless its altitudinal area with Set1-20 and 40, Set3-40 and Set4-40. The correlation observed between the genetic variation among the sampled species with the physical properties of the soil Set1 (the percentage of, very fine gravel, very coarse sand, and coarse sand) at both depths (20 and 40 cm), reflects the importance of such soil properties to the inhabiting of the collected species germination, early growth and rooting in both depths.
While the correlation to the physical properties of the soil Set3 (the percentage of, fine sand, very fine sand and silt & clay) and to the chemical properties Set4 (EC, Na me/l, K me/l, Ca me/l, Mg me/l, Cl me/l and SO 4 ) at only 40 cm depth. That would draw our attention to importance of such soil properties to later stages of the plant later growth and colonization in these lands. More studies are needed to exactly test the role and the importance of each of the correlated property to the plant growth and colonization.
The correlation signs (negative or positive) are of no biological relevance, as the genetic variation is not directional and it was generated due to the statistical nature of Mantel test [16] [37] .
Other observation worth mentioning that, after refining the correlation was statistically higher (r-value < 0.80) and stronger (p-value < 0.0001) and the genetic variation is only related to uplands or midlands, but not to both (regardless of the altitudinal area) due to the selection of loci, which subsequently proves the quality of the manual refining.
In arid regions, many taxa occurring exhibit a historically fragmented distribution. Soil type contributes in this fragmentation as proven by the current results, in accordance with previous studies [21] . Rangeland plant community and species composition are known to be related to specific soil properties such as soil climate (moisture and temperature), texture, depth, structure, fertility, pH, salinity and toxic influences. These properties relate to spatial variability of vegetation responses ranging from broad geographic distribution to landscape influences to specific site characteristics [38] .
The AFLP technique treat a certain mutational action (e.g. single nucleotide polymorphism) that impact the absence of a certain band (score 0 in the binary table) vs the presence of the same band (score 1 in the binary table) in the same species but at a different altitudinal area. Thus, the strong statistical correlations between the genetic variation among genotypes and the soil properties reflect the ability of a certain genotype to exist and germinate in a certain soil. In such case, the species is known to have an adaptive genetic variation, and that the environmental factors play an important role in the selection mechanism of such species. The detection of adaptive loci represents only a first step in a comprehensive understanding of how selection shapes genomic divergence between locations. The further step is to identify exactly the genomic regions or genes and ultimately, the mutations involved in the adaptation. But the lack of sequence information given by anonymous AFLP loci remains a major limitation to undertake this second step. As a solution, recently developed techniques based on Next Generation Sequencing (NGS) like Restriction-Site Associated DNA (RAD) [39] , allow valuable insights toward a clear and precise identification of the locus or region under selection in genome scan methods.
Conclusion
As a conclusion, the current results confirm statistically that the soil chemical and physical properties influence the selection of a certain genotypes of the dominant xerophytes plants collected from W. Sudr of Egypt to certain altitude, while depths at 20 and 40 cm play a key role in the early growth and then colonization of selected genotypes, respectively. However, more studies are still needed to complete the background knowledge in order to design an efficient conservation program of such species.
